To determine the effects of end-to-side nerve repair performed only with fibrin glue containing nerve growth in rats.
Introduction
The repair of peripheral nerves even under ideal conditions has frequently presented non-satisfactory results.
The axonal regeneration rarely reaches the previous levels and the sequelae are very frequent. The need for the discovery of alternatives for improving results of nerve repairs is a challenge reported by many authors for years [1] [2] [3] [4] .
Nerve Growth Factor (NGF) has been highlighted in literature as an important neuroprotector and neurostimulator, facilitating the nerve post trauma regeneration and consequently obtaining better post-operatory results 5 .
Despite being highly desirable the NGF application in nerve repair is difficult and complex
5
. Its bioavailability is very short and it is quickly inactivated in vivo 3 . The already described alternatives for applying NGF are of high cost, difficult clinical applicability and uncertain efficiency 1, 2 . The search for the ideal method still persists what hampers its usage in large scale 3, 5 .
Many authors have recently enhanced the results of end-
to-end nerve repair (ETE) by using fibrin glue associated with NGF [1] [2] [3] . The use of fibrin glue as a carrier of diverse elements is not new in literature however the discovery that it would be able to keep the NGF active longer, gradually liberating it in the nerve repair was considered a great advance in microsurgery 6 .
The successful association of fibrin glue containing NGF in ETE has boosted its usage in other kinds of nerve repair [1] [2] [3] .
The end-to-side nerve repair (ETS) with sutures as described by
Viterbo et al. 7 has become an excellent alternative for the cases in which ETE cannot be performed (when the proximal nerve stump in not available or when a nerve gap is present) or when the nerve grafting is not the best option. However there are some authors who still believe that the ETS with sutures could harm the donating nerve, especially small dimension nerves 8, 9 .
Therefore the fibrin glue has been recently studied in ETS with the main purpose of preservation of the donating nerve, keeping it completely untouched after the repair 10 . In 2010 we confirmed the effectiveness of this technique through functional and morphometric analysis. However, as already expected, the regeneration of axons despite being satisfactory did not reach normal levels pointing out the need for more studies in order to enhance axon regeneration with this technique 10 .
The ETS with fibrin glue containing NGF has not been tested yet and the potential benefit of such association justified this research. Therefore the purpose of this study was to determine the effects of an ETS performed only with fibrin glue containing NGF in rats.
Methods
The study was approved by the Experimental Research The animals were randomized into six equal groups (A to F) with 12 animals each. Immediately after the distribution of the groups each animal was weighed and submitted to walking track tests. The animals were placed on a walking down corridor (11.5
x 50 cm) with access to a dark environment. A cardboard sheet was placed on top of the corridor. The animals had their hind paws painted and, as they walked, they left prints.
Following the procedure, the animals were anesthetized with quetamin (50mg/kg) and xylazine (50mg/kg) by intramuscular injection.
The left fibular nerve was exposed in all animals under sterile conditions through a muscle-splitting incision in the lateral surface of the left pelvic member.
The animals in groups B to F had the fibular nerve sectioned with micro-scissors at 3 mm from its origin in the sciatic nerve. The proximal stump was bent in an approximately 100°
angle and introduced in the abductor musculature with a single polyamide 9-0 suture.
The animals in group B were not submitted to the nerve repair. The distal stump was sutured in the abductor musculature far away from the proximal stump.
The animals in group C were submitted to an ETS with sutures, with epineurium preservation, according to the technique described by Viterbo et al. 7 . The distal stump of the fibular nerve was sutured to the lateral portion of the tibial nerve at 5 mm from its origin, with two polyamide 10-0 sutures.
The animals in group D were submitted to the same ETS 7 , but now in association with 2.5µg NGF as described by The animals in group F were submitted to the same 
Discussion
Seventeen years after their first description Viterbo et al. 12 referred that it is necessary to obtain better results with ETS in order to develop the technique. The authors also emphasized that such evolution will depend on a better comprehension of the role of neurotrophic factors in this process 12 .
Following the goods reports related to the usage of NGF at ETE it was considered to evaluate its role at ETS. As in ETE the main difficulty in evaluating the NGF at the ETS was in developing the right way to present it at the repair point with the right dosage and for a longer time -preventing its fast in vivo degradation 13 .
Many questionable models for the local administration were then reported 1, 2 . According to Santos et al. 13 systemic administration was not a good option because of the large amounts of substance needed and the impossibility of knowing the concentration of the agent at the nerve lesion site. In the same way implantable infusion pumps, among other options, despite presenting excellent results, were difficult to be applied at the day clinic.
The studies by Chunzheng et al. The analysis of the walking track test results showed that groups C to F presented on the 30 th and 60 th day walking patterns similar to group B -loss of function, which was already expected after the nerve lesion inflicted to the animals. However, on the 90 th day, these groups presented walking pattern recovery, indicating reestablishment of the motor function after ETS, proving the repair success 10 . There was no difference between the groups regardless the repair (suture X fibrin glue) and the use of NGF.
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Such specific characteristics of ETS performed with fibrin glue might require that in order to obtain the potentialization of axonal regeneration, the NGF had to be kept active for a longer time at the repair site.
Nevertheless, the role of fibrin glue as a carrier and stabilizer of NGF is recent in literature, stimulating the debate over the subject 6 . For example, the period during which the fibrin glue would keep NGF active in the repair still has to be defined.
According to Bhang et al. 5 the liberation of NGF is stable and kept for two weeks. However Zeng et al. 3 described a liberation peak in 18 hours which is progressively reduced until its complete extinction in 14 days. Differently Currie et al. 6 referred that the fibrin glue is no longer found in the repair site 10 days after its application, limiting the NGF action for a longer period of time.
Another aspect to be defined is the ideal liberation gradient. Its definition would depend on many aspects such as the cross-linking fibrin gel density, the concentration of fibrin in the glue, its intrinsic degradation rate and its heparin dissociation 
Conclusion
The fibrin glue containing nerve growth factor did not demonstrate superior results in end-to-side nerve repair.
The superiority of group A was already expected in the animal Once again, the addition of NGF to fibrin glue did not determine any difference in the result in relation to the other animals.
The results presented here confirm the effectiveness of ETS with sutures or only with fibrin glue. However, differently from others authors who obtained in ETE [1] [2] [3] , the NGF positive influence was not verified in ETS.
According to Akeda et al. 8 , the process of axonal sprouting in an intact nerve, such as ETS with fibrin glue, is slower and in smaller scale that in a nerve with violated epineurium. In an ETE, for example, the axons are identified in the repair point in about two days; in an ETS, with sutures, such event is only detected from the fifteenth day on. As it does not include axonotmesis, the ETS with fibrin glue stimulates the growth factors liberation later, only after the natural donating nerve epineural lysis 8 . In such way the chemotactic gradient is reduced and the axonal sprouting is not 
